Background: A prospective randomized study was performed to investigate the validity of intravenous carnitine administration during postoperative parenteral nutrition (PN) with lipid emulsion.
Introduction
Carnitine, an important nutrient, has an essential role in longchain fatty acid (LCFA) transport into the mitochondrial matrix for β-oxidation [1, 2] . Carnitine is obtained from dietary sources [3] or synthesized from methionine and lysine endogenously [1] ; approximately three-quarters of carnitine in the human body is obtained from the diet, with the remaining onequarter synthesized in the liver, kidney, brain, and placenta [4] . Generally, carnitine production in the body is sufficient; however, there are some situations in which exogenous carnitine supplementation is necessary to avoid carnitine deficiency, including metabolic disorders, renal failure, liver failure, or under parenteral nutrition (PN) [5] .
PN is a vital therapeutic modality indicated for a range of conditions in neonates through to adults [6] . For example, PN is often administrated after major abdominal surgery because of limitations in enteral nutrition in the early postoperative stage [7, 8] . Intravenous lipid emulsions are an integral part of PN [9] , and the infusion of lipid emulsions allows for the supply of high energy as an iso-osmolar solution, as well as meeting requirements for essential fatty acids [10] . Therefore, to meet nutritional needs, it is useful to add a lipid emulsion including LCFA to PN regimens.
Intravenous carnitine supplementation of PN with lipid emulsions has been performed particularly in the neonate population to improve nutritional status or clinical outcome [11] [12] [13] , but the validity of intravenous carnitine supplementation of PN in addition to lipid emulsion remains contentious. Some studies have shown no significant benefit of intravenous carnitine supplementation in terms of improving nutritional status or clinical outcome [14] [15] [16] , whereas others have reported positive effects on metabolic disturbances or nutritional status [11, 17] .
Conversely, the efficacy of intravenous carnitine supplementation of PN with lipid emulsion in adults in a starved condition after surgical stress has not yet been verified. Thus, in the present study, we prospectively investigated the validity of 
Materials and Methods

Patients enrollment
This was a prospective, randomized study conducted by a single institution (Division of Digestive and General Surgery, Niigata University Hospital 
Postoperative nutrition protocol
Subjects were randomly divided into two groups (n = 8 in each group) before surgery: 1) group L, who received a peripheral PN (PPN) solution containing 7.5% glucose and 30% amino acid (BFLUID Injection; Ohtsuka Pharmaceutical Factory Inc., Tokushima, Japan) and 20% lipid emulsion (Intralipos Injection 20%; Ohtsuka Pharmaceutical Factory Inc.); and 2) group LC, who received the same PPN solution plus carnitine (L-CARTIN FF Injection; Otsuka Pharmaceutical, Tokyo, Japan) intravenously. PPN was performed from postoperative day (POD) 1 to POD4 without oral nutrition. Peripheral intravenous infusion of 4.3% or 10% glucose with electrolyte solutions was added if necessary to supply water and electrolytes in both groups. Oral water intake was started from POD2 and oral nutritional intake was started from POD4 based on the clinical experience of the doctors in charge of each patient, as well as the condition of each patient.
Clinical and laboratory assessments
Clinical factors, such as age, sex, preoperative body mass index (BMI), postoperative complications, and postoperative nutritional supplementation (i.e., the amount of calories, amino acids, and lipids administered), were compared between groups L and LC. Blood samples were obtained during the preoperative period, as well as on POD1, POD3, and POD4 for laboratory assessments including hematological data and blood chemistry (i.e., white blood cell count (WBC), total lymphocyte count (TLC), red blood cell count, hemoglobin concentration, hematocrit, platelet count (Plt), serum albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), cholinesterase (ChE), alkaline phosphatase, total bilirubin (T-bil), blood urea nitrogen (BUN), creatinine (Cre), triglycerides (TG), total cholesterol (TC), transthyretin, retinol-binding protein, fasting plasma glucose (FPG), and fasting plasma insulin (FPI)). Serum concentrations of total carnitine, consisting of both free carnitine and acyl-carnitine, were also determined during the preoperative period and on POD1, POD3, and POD7. Creactive protein (CRP) was determined on POD3 and POD7. Insulin resistance was evaluated using the homeostasis model assessment of insulin resistance (HOMA-IR), calculated as follows [18] : HOMA-IR = (FPG × FPI)/405. Urine samples were collected on POD3 and POD7 for measurement of urinary urea nitrogen to calculate the nitrogen balance.
Statistical analysis
Statistical analyses were performed using SPSS Statistics version 22 (IBM Japan, Tokyo, Japan). Categorical variables are presented as frequencies. All continuous variables were checked for normal distribution using the Shapiro-Wilk test, and data are expressed as the mean ± SD for variables with a normal distribution, and as median values with the interquartile range (IQR) for variables that were not normally distributed. The significance of differences between groups was evaluated using Student's t-test or the Mann-Whitney U-test for continuous variables, and Fisher's exact test for categorical variables.
Repeated-measures analysis of variance (ANOVA) with Bonferroni's post hoc correction was used for continuous variables with normal distribution to analyze group and postoperative time point differences, whereas the Friedman test and Bonferroni test were used for variables that were not normally distributed. Statistical significance was set at two-tailed P < 0.05.
Results
Pre-and perioperative clinical and laboratory features
In all, 16 patients were enrolled in the study (eight each in groups L and LC). All the patients in both groups received 100 mL intravenous 20% lipid emulsion daily from POD1 to POD4, and the mean dose of carnitine administered intravenously to group LC patients was 72.6 ± 37.3 mg/kg/day. The characteristics of the patients in groups L and LC are given in Table 1 . Age, gender, tumor location, cancer stage, and surgical procedure were comparable between the two groups. Preoperative BMI was higher in group LC than in group L (P < 0.05); however, postoperarive BMI at POD7 was comparable between the two groups. During postoperative PPN from POD1 to POD4, intravenous administration of both total energy and amino acids was equivalent between the two groups.
Most laboratory parameters of preoperative period, including nitrogen balance, were comparable between the two groups; however, TLC and ChE were significantly higher in group LC than in group L (P < 0.05). Insulin resistance, as determined by HOMA-IR, was comparable between the two groups. Preoperative serum total carnitine concentrations were comparable between the two groups: concentrations of both free and acyl carnitine were comparable between the two groups ( Table 2) .
Postoperative changes in laboratory parameters
Postoperative changes in laboratory parameters were comparable between the two groups (Table 3 ). There were some withingroup variations in WBC, Plt, AST, T-bil, BUN, TG, and TC, but critically abnormal values were not observed. Serum concentrations of both total and free carnitine were significantly higher in group LC than in group L on POD3 and POD7, and acyl carnitine was higher in group LC than in group L on POD3.
Postoperative CRP concentrations were comparable in the two groups on both POD3 and POD7 (Table 3) ; however, examining changes in CRP from POD3 to POD7 revealed a significantly greater decrease in CRP levels over this period in group LC than in group L (P = 0.011; Fig. 1 ).
Postoperative complications and mortality
The frequency of postoperative complications (i.e., total complications, infectious complications, and/or mechanical complications) was comparable between the two groups (Table 4) , and no patients died during the study. As infectious complication, one case of intra-abdominal abscess in group L, and one case of enteritis in group LC, were observed, respectively. As mechanical complication, while one case of pleural effusion accompanied with atelectasis in group L was observed, one case of anastomotic leakage and another case of chyle ascites were observed in group LC. The frequency of both infectious and mechanical complications was also comparable between two groups. All participants made a smooth recovery and were discharged from hospital.
Discussion
Because lipid emulsions are one of the essential constituents of PN [19] , they have been used in various clinical conditions, including after surgery and in critically ill patients. Since the creation by Arvid Wretlind of the traditional soybean oil (n-6 polyunsaturated fatty acid (PUFA))-based safe lipid emulsion, different types of lipid emulsions have been developed, including those based on medium-chain triglycerides (MCT), olive oil (n-9 monounsaturated fatty acid (MUFA)), and fish oil (n-3 PUFA) [20] .
Because the soybean oil (n-6 PUFA)-based lipid emulsion may induce increased oxidative stress and systemic inflamma- Data are given as the mean ± SD or as n (%). Group L: peripheral parenteral nutrition (PPN); Group LC: intravenous carnitine in addition to PPN; BMI: body mass index.
Intravenous Carnitine in Parenteral Nutrition J Clin Med Res. 2017;9(10):831-837 tion via the production of pro-inflammatory prostanoids and leukotrienes [21, 22] , it may be associated with worse clinical outcomes under the stressed state [23] . Compared with n-6 PUFA-based lipid emulsions, MCT-, n-9 MUFA-, or n-3 PU-FA-based lipid emulsions have less inflammatory activity [24] . Therefore, it has been recommended that 100% soybean oil (n-6 PUFA)-based emulsions are not administered to critically ill patients [10] . In addition, a recent meta-analysis showed that alternative oil-based lipid emulsions may be associated with clinically important reductions in mortality [24] . In surgical patients, compared with fish oil (n-3 PUFA)-based lipid emulsions [25] , soybean oil (n-6 PUFA)-based lipid emulsions have been shown to be less beneficial in improving immunologic function and inflammatory responses [26, 27] , in decreasing the length of hospitalization [28] , and in reducing the risk of clinical complications [27] . Therefore, it is not recommended that soybean oil (n-6 PUFA)-based emulsions are administered to surgical patients. In the present study, we used a soybean oil (n-6 PUFA)-based emulsion because it is the only type of lipid emulsion permitted for use in clinical situations in Japan.
A clinical comparison was made to elucidate the efficacy of the addition of carnitine to PPN with lipid emulsion in enhancing LCFA β-oxidation, improving nutritional status, and decreasing insulin resistance. As summarized in Table 3 , the results did not show an effect of the addition of carnitine in improving nutritional status or decreasing insulin resistance. There were no significant differences in postoperative changes in serum albumin, transthyretin, and retinol-binding protein, in the nitrogen balance, or in the postoperative changes in HO-MA-R between groups L and LC. One possible reason why we did not detect any positive effects of carnitine administration on improvements in nutrition and/or insulin resistance is the relatively short duration of PPN administration. The 3 -4 days of PPN support in the present study do not appear to be long enough for the effects of carnitine on nutrition and insulin resistance to become apparent.
In the present study, preoperative BMI, TLC and ChE were higher in group LC than in group L (P < 0.05). We suppose that higher value of these parameters in group LC reflected better perioperative nutritional status of group LC compared with Hb (g/dL)
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37.4 ± 4. Intravenous Carnitine in Parenteral Nutrition J Clin Med Res. 2017;9(10):831-837 group L because BMI, TLC and/or ChE are the parameters that will be often used for nutritional assessment, and postoperative changes of these parameters were comparable between the two groups in this sutdy. Conversely, the decrease in CRP from POD3 to POD7 was significantly greater in group LC than in group L (Fig. 1) . The greater decrease in CRP in group LC may reflect enhanced LCFA (i.e. n-6 PUFA) β-oxidation: because n-6 PUFAs, which induce oxidative stress and systemic inflammation, are responsible for CRP production, an increase in n-6 PUFA β-oxidation following carnitine administration will result in decreased CRP production. Other laboratory parameters (i.e., AST, ALT, BUN, and Cre) were comparable between the two groups, as were postoperative complications, indicating that carnitine administration in addition to PPN was safe in the present study. In addition, because the results of the present study revealed higher concentrations of both total and free carnitine in group LC compared with group L on both POD3 and POD7, the effects of carnitine administration may persist during the postadministration period, and such a "carry-over" effect may also contribute to the significant decrease in CRP seen in group LC.
Limitations
The main limitation of the present study is the small number of patients enrolled: some patients declined to participate in the study and others were excluded because of preoperative complications as per the exclusion criteria. The short PPN period of 3 -4 days in the present study may also have been insufficient to demonstrate the positive effects of carnitine administration on improvements in nutrition and/or insulin resistance.
Conclusion
The results of the present study show that intravenous carnitine administration in addition to PN with lipid emulsion is safe and may be beneficial for recovery from postoperative inflammatory reactions. We hope that the findings of the present study provide a cornerstone for future clinical research into the efficacy of carnitine administration. 
